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(54) Method for producing diene-modlf led propylene polymer 

(57) The invention is concerned with a diene modi- 
fied isotactic propylene polymer having a Melt Flow rate 
of from 0.03 to 100 dg/min and a Mw/Mn of from 2.1 to 
30 comprising propylene units, from about 0.00005 to 
akx>ut 5 mole percent of alpha-omega^jiene units and 
wherein the polymer is essentially gel free as defined 
herein and is prepared using a metalk>cene catalyst 
system. 
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■ I>escription 
Technical Field 



Si^S, hoH ' "^^^.^^^"^ The polymers so produced exhibrt enhariced rnS^^ 



10 Background 



50 



55 



r ""^ ^° ^ ™« strength. This is a significant deficiency in kev 

appl«at.on areas such as thermotorming and b.a« molding. Polyethylene on thSler hand isLd weSS^ScS 
Wm apphcatore requ-nng good melt strength. The limltattons in the melt strength of polypropylel^ VhS^raJ ™ 

?Sl^t«?,H^h^! T° ^"^ ^« •'««'^ess in large^jart blow molding 

^STas'^'erirrr??^ 

l^^hJr"^"^ "'^ T^" "^'^"^ ^ ^ polypropylene has been an industrial goal for well over ten 

y^. howe««r success has tjeen limited. The desirable properties that have made low density poTetL^rjTrleT 
^aSS^ "^"^ i T"" T "^^ P^ocessability.SSS2:;^« 
^ndi!^ long Chain branching which is thought to occur under high pressure polyirSS 

^ ^ ^"^^ inaeasing the meK strength of polypropylene. For example EP 190 889 A2 
t^l^i^T^ Pdypr^ene to create what is believed tZ. ^iyprc^^^^ Z^, 

J.^^!^„Er»Sr ^"^^'^ ^ °* Pe««"e decomposition of polypropyle^ 

in the substantial absence of oxygen to obtain a similar product " paypropyiene 

Zeigler-Natta type catalysts have been used to copolymerize propylene with anwlienes in order to 
2:^n"a o^Tr^*''^'"" ^sisdescribed in co^n^S^ pat^^St^slI^rrS^ 5T9.6I6 
w^n a^-freeaystall.ne polymer .s obtained. U.S. Patent No. 3.351.621 also describes the copolymerizalton 
propylene with a-«K*ene using a Zeigler-Natta catalyst. These Zeigler-Natta catalyzed copolymers domJ^wwrl^ 
ert^ that are typically associated with polymers thought to have long chain bSS^ffiSS Jit SstS^iS 

1 "11^1 ^' ""^^ cross-linking. Melt strength, therefore, is not subSS 

improved. Thus, there is still a need for propylene polymers having inproved melt s^englh and proc^J 

SSL*r!'Jr^"*°" ^ PO'y™««. particularly diene^rxxfified propylene polymers and to 

polymers, said method comprising combining in a reaction zone under suitable reaction conditions an atoha^ofin 

^ P*^' ««^»^ «" «-o<ef in monomer having atSm^ 

c^ aton«. from about .00005 to about 5 mole percent diene based on the total weight of the SZl l^^ 
Jepolymer 6 essentially gel^ee and is prepared using a metallocene catalyst system 

WO^This BWition also relates to an Irradiated copolymer composition and method for producing the copolymer 
to SS^Z^"^^ the steps of (1) combining in a reaction zone one or more «-olef in nJomers t^g Sn C 
%SL^iT?-^ Zm^' comonomers. and a metailocene «talyst system: and S^SSr^ 
resutting copolymer. In this embodiment, the diene is preferably a non a-artliene. "w»wing me 



[0008] 



F«ure 1 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinnina 
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Figure 2 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
. behavior fdc propylene polymer modified with .0094. .141 and .164 mole percent 1.13-tetradecadiene as conpared 
to propylene homopolymer (polymerized at GO'^C). 

s Figure 3 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
behavior tor propylene polymer modified with .118 and .164 mole percent I.IS-tetradecadiene as compared to 
homopolypropylene (polymerized at 40''C). 

Figure 4 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and the shear thinning 
10 behavior for propylene polymer modified with .141 mole percent 1 ,9^ecadiene, 1 .7-octadiene. and nortwrnadiene 
as compared to propylene homopolymer (polymerized at 40''C). 

Figure 5 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer nxxlified with 1 J-octadiene (.141 mole %) and a propylene polymer nrxxfified with 
15 1.13-tetradecadiene (.118 Mole%) as compared to propylene homopolymer. 

Rgure 6 is a graphic illustration of the relationship between viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer nrnxlif ied with 1 . 1 3-tetradecadiene using a traditional Zeigler Natta catalyst system. 

20 Figure 7 is a graphic illustration of the relationship bewteen viscosity and frequency (rad/s) and shear thinning 
behavior for propylene polymer modified with 1. 7-octadiene (.0079 mole %) and propylene polymer modrtied with 
1,13-tetradecadiene (.0047 mole %) as conpared to homopolymer. 

W»m DMCrifftlPfi 

25 

[0009] One method of the invention comprises combining in a reaction zone one or more a-ol^in monomers having 
from two to eight cartx>n atoms, one or more dienes, and a metallocene catalyst system under suitable polymerization 
conditions to produce a diene nrxxJif led polymer. 

10010] The a-defins useful in this method of the invention preferably have from three to eight carbon atoms, more 
30 preferably three, four, five and/or six cartwn atoms, and most preferably three carbon atoms. These monomers are 
copolymerized with one or more dienes using a metallocene catalyst system. The dienes may be linear, cyclic, and/or 
multicydic Including conjugated linear dienes and fused and non-fused cyclic dienes. In one embodiment, the dienes 
are preferably a-oKiienes and/or are selected from the group consisting of 1, 7-octadiene, 1.9-decadiene. 1,13-tetra- 
decadicne. 1.8-nonadiene. 1,10-undecadiene, l.llKlodecadiene. 1.15-hexadecadiene, 1.17-octadecadiene and nor- 
35 bomadiene More preferably the dienes are selected from the groip consisting of 1 ,7-octadiene, 1 ,9-decadiene. 1,13- 
tetradecadiene, arxl norbomadiene. Most preferably, the dienes are selected from the group consisting of 1,9,-decadi* 
ene, and 1,13-tetradecadiene. 

[0011] In another embodiment one or more aolefins are copolymerized with one of more dienes. preferably non-a- 
oKlienes. using a metallocene catalyst system. The resulting copolymer is then irradiated. The alpha olefins preferably 

40 ' have from three to eight cartx)n atoms, more preferably from three to six cartx)n atoms, and most preferably three car- 
bon atoms. The dienes may be linear, cyclic, and/or multicydic including conjugated linear dienes and fused and non- 
fused cyclic dienes. Preferably the dienes are non a-ttHJienes and are selected from the group consisting of dicydopen- 
tacfiene. ethylidenenortx>mene. 1.4-hexadiene, vinyl nortwmene. and 5-isoprDpenyl-2-nortx>rnene. mae preferably 
dicydopentadiene. ethylidenenortx>mene. 1,4-hexadiene, and vinyl norbomene, most preferably dicyclopentadlene, 

45 ethyiidenenortwmene, and 1 ,4-hexadiene. 

[0012] The irradiation is preferably carried out using E-beam or gamma in-adiation at a dose of about 1 to about 20 
Mrad for a few seconds (tp to about 30 seconds). Any type of high energy radiation capable of causing the desired 
chain extension may be used. The polymer may be irradiated in any form such as a powder, granule, pellet, film, molded 
artide. ffoer. fabric, etc. 

50 [001 3] Any metallocene may be used in the present invention. Metallocenes are generally represented by the formula 

CPmMRnXq 

wherein Cp is a cydopentadienyl ring or derivative thereof. M is a Group 4. S.or 6 transition metal. R is a hydrocarbyl 
55 group or hydrocarboxy group having from 1 to 20 cartwn atoms. X Is a halogen, and m=1 -3: n=0-3, q=0-3. and the sum 
of nrnvK) is equal to the oxidation state of the transition metal. The metallocene may be bridged or unbridged. and 
indude heteroatoms in the structure. Examples of metallocenes are discussed in for example, U.S. Patent Nos. 
4.530,914; 4.871,705; 4,937299; 5,124,418; 5.017,714; 5,120,867; 5,278.119; 5.304.614; 5.324,800; 5,347.025; 
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5.350,723; 5.391.790; and 5.391.789; EP-A- 0 591 756; EP-A-0 520 732; EP-A-0 420 436; WO 91/04257; WO 
93/08221 : Wd 93/08199; and WO 94/01471 each incorporated fully herein by reference. 

[0014] Particularly preferred metallocene components are those that are stereorigid and conprise a Group 4. 5. or 6 
transition metal, biscyclopentadienyl derivative, preferably bisindenyl metaDocene components having the following 
5 general structure: 



70 



IS 



SO 




wherein M is a metal of Group 4. 5, or 6 of the Periodic Table, for example titanium, zirconium, hafnium, vanadium, 
30 niobium, tantalum, chromium, molybdenum and tungsten, preferably, zirconium, hafnium and titanium, most pref- 
erably zirconium and hafnium. 

and are identical or different, are one of a hydrogen atom, a Ci-Gio alkyi group, preferably a C^Ca alkyi 
groi4), a Gi-Cio alkoxy group, preferably a OrCs alkoxy group, a Ce-Cio aryl groip, preferably a Cq-Cq aryl group. 
35 a Ce-Cio aryloxy group, preferably a Ce-Cs aryloxy group, a C2-C1 0 alkenyi group, preferably a G2-C4 alkenyl group, 
a C7-C40 arylalkyi group, preferably a C7-C10 arylalkyl groip. a C7-C40 alkylaryl group, preferably a C7-C12 alkylaryl 
groi^). a Cb-C4o arylalkenyl group, preferably a Cs-Cia arytalkenyl groi^, or a halogen atom, preferably chlorine; 

R^ and R^ are hydrogen atoms; 

40 

R^ and R^ are identical or different preferably identical, are one of a hydrogen atom, halogen atom, preferably a 
fluorine, chlorine or bromine atom, a Gi -C| 0 alkyi group, preferably a -C4 alkyi group, which may be halogenated. 
a Cg-Cio aryl group, which may be halogenated. preferably a Ce-Cs aryl group, a C2-C10 alkenyl group, preferably 
a C2-64 alkenyl group, a C7-C40 -arylalkyl group, preferably a Cy-C^o arylalkyl group, a C7-C40 alkylaryl group, pref- 
45 erably a CrCi2 alkylaryl group, a C8-C40 arytalkenyl group, preferably a C8-C12 arylalkenyl group, a -NRg^ ^ -SR^ 5. 
-OR^^ OSiRa^^ a -PR2^^ radical, wherein R^^ is one of a halogen atom, preferably a chlorine atom, a CrCio alkyl 
groiia, preferably a Ci -C3 allqrl group, or a Cg-Cio aryl group, preferably a Ce-Cg aryl group; 



so 



ss 
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Rl1 Rl1 Rl1 Rl1 



m2 . m2 m2 , m2 (CR213) • 

I II I 

Rl2 Rl2 Rl2 Rl2 

: Rl^ Rl1 Rl1 

L ' I 

— O m2 O . C . O m2 



.R^2 Rl2 Rl2 

»BRl UaIRII, iGe-, -Sn-, -O-. -S-, « SO. -SO2, «NR". -CO, PRl I, or -P(0)Rl I; 



wherein: 

30 \ and are identical or different and are a hydrogen atom, a halogen atoni. a CrC2o a'ky' group, prefer- 

ably a C1-C10 alkyi group, a CrC2o fluoroalkyi group, preferably a CrCio fluoroalkyi group, a C6-C30 aryi group, 
preferably a Ce-C^o ai'V* groiJP. a C6-C30 fluoroaryl group, preferably a Ce-Cgo fluoroaryl group, a CrCao alkoxy 
group, preferably a C^-C^o a'toxy group, a C2-C20 alkenyl group, preferably a C2-C10 alkenyl group, a C7-C40 ary- 
lalkyl group, preferably a Cj-Czo arylalkyt group a C8-C40 arytalkenyl group preferably a C8*C22 arytalkenyl group. 

35 a C7-C40 alkylaryl group, preferably a CrCao alMaryl group or R" and R^^ rii r13 together with the 
atoms binding them, can form ring systems; 

is silicon, germanium or tin. preferably silicon or germanium, most preferably silicon; 

40 R^ and R^ are identical or different and have the meanings stated for R** ^ 

m and n are identical or different and are zero. 1 or 2. preferably zero orl . m plus n being zero. 1 or 2. preferably 
zero or 1 ; and 

45 the radicals R^° are Mentical or different and have the meanings stated for R^ \ R^^ and R''^. Two adjacent R^° rad- 
icals can be joined together to form a ring system, preferably a ring system containing from about 4-6 carbon 



[001 SI AlkyI refers to straight or branched chain substituents. Halogen (halogenated) is fluorine, chlorine, bromine or 
so iodine atoms, preferably fluorine or chlorine. 

[001 6] Particularly preferred metallocenes are conpounds of the structures: 



55 
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R8r9C 



70 



IS 



20 



R11R12C 




(Rl0)4 



(A) 



(Rl0)4 



(Rl0)4 




(B) 



wherein: 



2S 



30 



is Zr or Hf, and are methyl or chlorine, and R^. R^ R^ R^.R^°. R^^ and R^^ have the above-mentioned 
meaning. 

[001 7] The chiral metallocenes may be used as a racemate for the preparation of highly isotactic polypropylene copol- 
ymers, ft is also possible to use the pure R or S form. An optically active polymer can be prepared with these pure ster* 
eoisomeric fonns. Preferably the meso form of the metallocene is removed to ensure the center (i.e.. the metal atom) 
provides stereoregular polymerization. Separation of the stereoisomers can be accomplished by known literature tech- 
niques. For special products it is also possible to use rac/meso mixtures. 

[0018] Generally, the metallocenes are prepared by a nulti-step process involving repeated deprotonations/metalla- 
tions of the aromatic ligands and introduction of the bridge and the central atom by their halogen derivatives. The fol- 
lowing reaction scheme illustrates this generic approach: 



35 



H2R^ + ButylU 



XKCR8r9)jjj.r7^CR8rVX 



40 



45 



SO 



H2R<1 + Butytt4 > HR<»Li 

HRSCR8R^-R7KCR8rVR**H 2 Butyl U 

-> 

-> 



URC-<CR*R^-R7-{CR8R9X|-R<'Li 



55 
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« J 
(R6R9C)n • 

r2u 



RC 



(R8R9C),n — RC 



CI 



CI 



Ml; 

I 

Rd 

r7 



RlU 



X - ClBr.lorO-tosyl; 



r7 Ml 



■RC 

! ^r2 



(R8R9C)n R<^ 



(R8R9C)n 



H2RC 
H2R«* 



R1 
CI 




(Rl0)4 H 



[0019] Additional methods for preparing metailocenes of the present invention are fully described in the Journal Pf 
QraanQmetelllc Chem .. volume 38. (1985). pages 63-67. and In EP-A- 320762. for preparation of the metattocenes 
30 desabed. both of which are herein fully incorporated by reference. 

[0020] Illustrative but non-limiting examples of some prefenred metailocenes include: 

Dimethylsilandiyfbis(2-methyl-4-phenyl-Mndenyl)ZrCl2 

Dinnelhytsilandiylbis(2-methyl-4.5-benzoindenyl)Zra2: 
35 . Dimethytsilandiylbis(2-m€thyl-4.6-diisopropylindenyl)ZrCl2: 

Dlmethylsilandiylbis(2-ethyl-^phenyl-1 -indenyl)2rCl2 ; 

Dimethylsilandiylbis (2-ethyl-4-naphthyI-1 -indenyl)ZrCl2, 

Phenyl(Methyl)silandiylbis(2-mettTyM-phenyl-1-indenyl)Zra2. 

Diniethylsilandiylbis(2-methyl-4-(1 -nap^^ 
40 Dimethylsilandiytt)is(2-methy-4-(2-naphthyO-1 -indenyl)ZrCl2, 

Dimethylsilandiylbis(2-mettiyl-lndenyl)ZrCl2, 

Dlmethylsliandiylbis(2-fTiethyl-4.&<ji iscpropyl- 1 -i ndenyl)ZrCl2. 

Dimethyl8ilandiy!bis(2.4.6-trimethyl-1-indenyl)ZrCl2. 

Phenyl(MethyOsilandiylbis(2-nriethyt-4.6<iiisopropyl-lHndenyl^ 
45 1 .2-Ethandiybis(2-methyl-4,6-diisopropyl-1 -indeny1)ZrCl2, 

1 ,2-Butandiyt)is(2-methyM.6-diisopropyl-1 -indenyl)ZrCl2, 

Dimethylsilandiylbis(2-methyl-4-ethyl-1 -indenyl)Zra2. 

Dlmethylsilandiylbis(2-methyt-4-lsopropyl-1 -lndenyOZrCl2. 

Din(iethyl8iiandiybi6(2-nr!ethyl-4-t-butyt-1-inde^ 
so Pheny!(MethyOsilandiylbis(2-methyl-4-isopropyl-1 Hndenyl)ZrCl2. 

Dimethylsilandiyibis(2-ethyl-4-methyM •indenyOZrCl2. 

Dimethytsilandiylbis(2,4-dimethyl-1-indenyl)ZrCl2, 

Dtmethytsliandiy1bis(2-methyl-4-ethyl-1-indenyl)ZrCl2. 

Dimethylsilandiylbis(2-methyl-a-acenaphth-1-indenyO&^^ 
55 Phenyl(MethyOsilandiylbis(2-methyl-4,5-benzo-1 -indenyljZrCt. 

Phenyl(Methy0silandiytois(2-nfi€thyt-4.5-(methyjbenzo)O-inde^^^ 

Phenyl(MethyOsilandiytbis(2-methyl-4.5-(tetrarnethylbenzo)-lHn^^ 

Phenyl(Methyl)silandiylbis (2-methyl-a-acenaphth-1 -indenyl)Zra2* 
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1 ^^Etfiandiylbi8(2-methyl-4.54)enzo-1 -indenyl^ 

1 .2-Butahdiyfbis(2-methyl-4.5-benzc>-1 -irxJenyl)^ 

Dimethytsilandiybis(2-mettiyM.5-benzo-1 'indenyi)ZrCl2. 

1 .2-Ettiandiyfbis(2.4 J-trimethyl-1 -indenyi)Zra2. 
5 Dimethytsjlandiybis(2-methyl- 1 -indenyl)ZrCl2* 

1 ^-Ethandiylbis(2-methyl-1 -indenyl)^Cl2, 

Phenyl(MethyOsilarxliyibis(2-methyt-1 -indenyOZrCt, 

Diphenylsilandiylbis(2-me1tTyl-1 -indenyf)ZrC^. 

1 .2-Butandiylbis(2-methyl-1 -indenyl)Zrt3l2. 
10 Dirnethylsilandiyt)is(2-ethyl-l -indenyOZrOa. 

DimethytsilarKliybis(2-methyl*&-isobutyl-1 Hndenyl)Zra2. 

Phenyl(MethyOsilandiylbis(2-methyl-5-isobutyl- 1 -indeny^ 

Dimethylsilandiybis(2-methyt-5-t-biJt^ 

Dimethylsiiandiybis(2.5.6-trirnethylO-i^ and the IIKe. 

IS 

[0021] Some preferred metallcx;ene catalyst components are described in detail in US. Patent Nos. 5.149.819. 
5.243.001 . 5.239.022. 5.296.434 and 5.276.208 all of wtiich are herein fully incorporated by reference. 
[0022] The terms "cocatatyst" and "activator'* are used herein interchangeably and are defined to be any compound 
or component which can activate a bulky ligand transition metal compound or a metallocene. as defined above. Alumox- 

20 ane may be used an activator. There are a variety of methods for preparing alumoxane. non-linniting examples of which 
are descrft^ed in U.S. Patent No. 4.665.208. 4.952.540. 5.091.352. 5.206.199. 5.204.419. 4.874,734. 4.924.018. 
4.908.463. 4.968.827, 5.308,815. 5.329.032. 5.248.801, 5.235.081. 5.157.137. 5.103.031 and EP-A-0 561 476. EP-B1- 
0 279 586. EP-A-0 594-218 and WO 94/10180. each of which is fully incorporated herein by reference. It may be pref- 
erable to use a visually clear methylalumoxane. A cloudy or gelled alumoxane can be filtered to produce a dear solution 

25 or clear alumoxane can be decanted from the cloudy solution. 

[0023] It is also within the scope of this invention to use ionizing activators, neutral or ionic, or compounds such as 
tri(n-butyl)ammonium tetrakis(pentaflurophenyl)boron. which ionize the neutral metallocene compound. Such ionizing 
compounds may contain a active proton, or some other cation associated with but not coordinated or only loosely coor- 
dinated to the remaining ion of the ionizing conrpound. Combinations of activators are also contemplated by the inven- 

30 tion. for example, alumoxane and ionizing activators in corrbinations. see for example, WO 94/07928. 

[0024] Descriptions of ionic catalysts for coordination polymerization comprised of metallocene catons activated by 
non-coordinating anions appear in the earty work in EP-A-0 277 003, EP-A-0 277 004 and US patent 5.198,401 and 
WO-A-92A)0333 Oncorporated herein by reference). These teach a preferred method of preparation wherein metal- 
locenes (bisCp and monoCp) are protonated by an anion precursor such that a alkyt/hydride group Is abstracted from 

35 a transition metal to make it both cationic and charge-balanced by the non-coordinating anion, 

[0025] The term "noncoordinating anion" means an anion v^ch either does not coordinate to said cation or which is 
only weakly coordinated to said cation thereby remaining sufficiently labile to be displaced by a neutral Lewis base. 
"CompatS3le" noncoordinating anbns are those which are not degraded to neutrality when the initially formed complex 
decomposes. Further, the anion wilt not transfer an anionic substituent or fragment to the cation so as to cause it to form 

40 a neutral four coordinate metallocene compound and a neutral by-product from the anion. Noncoordinating anions use- 
ful in accordance with this invention are those which are conpatible. stabilize the metallocene cation in the sense of 
balancing its ionic charge in a -i-l state, yet retain sufficient lability to permit displacement by an ethytenically or acety- 
lenically unsaturated monomer during polymerization. 

[0026] The use of k>nizing ionic compounds not containing an active proton but capable of producing the both the 
45 active metallocene cation and an noncoordinating anion is also known. See. EP-A-0 426 637 and EP-A- 0 573 403 
(incorporated herein by reference). An additional method of making the ionic catalysts uses ionizing anion pre-cursors 
which are initially neutral Lewis acids but form the cation and anion upon ionizing reaction with the metaltocene com- 
pounds, for exarnple the use of tris(pentafluorophenyf) boron. See EP-A-0 S20 732 Oncorporated herein by reference). 
Ionic catalysts for adcfiton polymerizatbn can ateo be prepared by oxidation of the metal centers of transitkyn metal 
so compounds by anion pre-cursors containing metallic oddizing groups atong with the anion groups, see EP-A-0 495 3^^ 
(incorporated herein by reference). 

[0027] Where the metal ligands include halogen moieties (for example, biscydopentacfienyl zirconium dichlaide) 
which are not capable of ionizing abstraction under standard conditions, they can be converted via known alkyfation 
reactions with organometaOic compounds such as Bthium or alurninum hydrides or alkyls. alkytalumoxanes. Grignard 
55 reagents, etc. See EP-A-0 500 944 and EP-AI-0 570 982 (incorporated herein by reference) for in situ processes 
describing the reaction of alkyi aluminum compounds with dihaio-sut>stituted metallocene conpounds prior to or with 
the addition of activating anionic compounds. 

[0028] Methods of supporting ionic catalysts comprising metallocene cations and noncoordinating anions are 
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tjesaibed in W091/D9d82. WO 94/03506 and in co-pending U.S. Ser. No. 08/248,284. filed August 3 1994 (incorpo- 
rated herein by reference). The methods generally comprise either physical adsorption on traditional polymeric or inor- 
ganic supports that have been largely dehydrated and dehydroxytated. or using neutral anion precursors tfiat are 
sufficiently strong Lewis acids to activate retained hydroxy groups in silica containing inorganic oxide si^^ports such that 
5 the Lewis acid becomes covalently bound and the hydrogen of the hydroxy group is available to protonate the metal- 
locene compounds. 

[0029] The polymerization method of this invention can be a solution, slurry or bulk phase process. Further, gas phase 
processes can be used as long as a support, if used, is chosen that will not significantly interfere with the polymerization 
of the pendant unsaturation site. In a solution process, toluene, heptane, octane, pentane and hexane are suitable sol- 

10 vents, however any hydrocarbon or solvent will work in the practice of this invention. 

[0030] The catalyst system may be introduced into the reaction zone as independent components in a solvent or dilu- 
em or as the combined product in a solvent or a diluent. Likewise, the rTx>nomers. in bulk or in solvent or diluent can be 
introduced into the reaction zone as a separate feed, or may be conrt)ined with one or the other of the catalyst system 
corTV)onents. Furthermore, the catalyst components can be susperxled or dissolved in the monomers themselves and 

75 thereafter fed into the reaction zone. 

[0031] The varkxjs reactors operate in standard condrtk>ns for solution, stuny. bulk or gas phase reactors known to 
those of ordinary skill in the art. For example, a transition metal compound such as bis-cyclopentadienyl zirconium 
dichioride combined with methylatunrK>xane may be suspended in toluene and a quantity of propylene with a.o>-diene(s) 
is suspended in a second quantity of toluene, then the two toluene compositions are charged into a reactor and allowed 

so to react for about 1 nvnute to about 1 0 hours at a temperature of about 0 to about 250 ^'C and at a pressure of about 1 
to about 1 5 psi (about 7 to about 1 04 MPa) to produce a diene modified polymer. 

[0032] Process conditions may affect the level of oomononrer concenitiBtion and the ability to obtain a gel-free product. 
Solution polymerization conditions as opposed to bulk pdymeriztion, appear to enhance the producton of gel-free 
product. 

25 [0033] A two stage polymerization process may be used in order to increase melt flow rate and broaden molecular 
weight distribution. This process involves a first stage wherein high molecular weight (greater than 200.000 weight aver- 
age molecular weight) diene rrxxiified polymer is produced without hydrogen and a second stage wherein hydrogen is 
intiroduced into the reactor to produce a kawer molecular weight fraction. The concentration of hydrogen used in the sec- 
ond stage will depend upon the type of polymer made and the melt f bw rate desired. 

30 [0034] Scavengers and other additives may be used in the polymerizatbn process of tNs invention. Scavengers 
include such compounds as triethylaluminum (TEAL), trimethylaluminum (TMAL). tri-isobutylaluminum (TIBAL). tri-n- 
hexytaluminim (TNHAL). and dietiiyl aluminum chlorkJe (DEAC) and the like. 

[0035] The diene modified polymers of the invention may contain anywhere from .00003 to 5.00 mole percerrt a-a>- 
diene. preferably from afcx)ut 0.00005 to about 1 mole percent ano-diene. even more preferably from about 0.0005 to 
35 about 0.5 nx)le percent a-anJiene. even more preferably from about .0005 to about .2 rno\e percent a-co-diene, and 
most preferably from about 0.005 to atx)ut 0.1 5 mole % a-oKliene. 

[0036] To be of practical value, the molecular weight of the diene-modrfied polymer should be in the range of from 
about 50,000 to about 700,000. preferably from about 100.000 to about 600.000. even more preferably from atx>ut 
300,000 to about 550,000 weight average molecular weight. (Unless otherwise specified, all references to molecular 
40 weight are weight average molecular weight.) Preferably the melt flow rate of the polymer is in the range of from about 
.03 dg/min to about 100 dg/min. more preferat)ly from atx)ut .05 dg/min to about 50 dgAnin. 

[0037] It may be necessary to use a chain transfer agent such as hydrogen to control the melt flew rate and/or molec- 
ular weight of the final polymer product For instance, if the catalyst system selected tends to produce polymer having 
a molecular weight that is above about 800.000. then the use of hydrogen to oorrtrol molecular weight will facilitate diene 
45 incorporation such that a gel-free product may be obtained. 

[0038] As used herein, "essentially gel-free" means that, (1) using the rheoiogical test, consKlering the cross-over of 
Q* (storage nxxlulus) and G" (loss modulus) in the test frequency range, if the G* is always above G** the polymer is 
assumed to be in an elastic network structure containing gels; or (2) during the MFR test the polymer does not remain 
powdery (melts) or when the polymer extrudate comes out of the capillary, the polymer does not exhibit extensive swell- 
so ing; or (3) during the preparation of compression molded films, no gels are visible. Thus for the polymers of this inven- 
tion there is a cross-over of G* and G"; the MFR can be determined without extensive swelling and the polymer 
completely melts; and no gels are observed when the polymer is used to make mokled f ilnrs. 
[0039] Metallocene catalyzed homopolymer typically has a molecular weight distribution (Mw/Mn) of from about 2.1 
to aboxA 2.5. The diene modified polymer of this invention may have a nx)lecular weight distribution of from about 2.1 
55 to about 30. preferably from about 2.1 to about 20. even more preferably from about 2.1 toabout15. In contrast Zelgler- 
Natta catalyzed ethylene/diene or propylene/diene copolymers typically have a molecular weight distribution in the 
range of from 4.0 to 7.5 compared to Zeigler-Matta catalyzed homopolymer which typically has a molecular weight dis- 
trflxition of from 2.5 to 5.0. Thus the change in molecular weight distribution upon diene modification seen in the diene 
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modified polymers of this invention as compared to their homopolymer counterparts prepared using the same catalyst 
is significarrtly greater than the change in molecular weight dstrftxition as seen in Zeigler-Natta catalyzed polymers 
upon diene modification. 

10040] One of the most significant properties of the diene-modified polymers of this invention is their complex viscosity 
5 vs. frequency and shear thinning behavior. The a-<iHJiene nxxlified polymers show enhanced shear thinning, i.e.. a 
much stoper deaease in viscosity as frequency is increased as compared to homopolymer produced using either a 
metaDocene catalyst system or a Zeigler-Natla catalyst Thus, the a-fihdiene nxxlified polymers of this invention have 
superior processing characteristics. 

[0041] The magnitude of viscosity at low shear rate such as 0.1 rad/s is ah indication of melt strength. Higher viscosity 
10 at low shear rate indicates higher melt strength. The diene modified polymers of the present invention exhibit a viscosity 
that is significantly higher at low shear rate or frequency as compared to homopolymer Thus, the diene modified poly- 
mers of the present invention are not only easier to process but have higher melt strength as compared to a propylene 
homopolymer. 

[0042] Altematively. a-oleliri polymers, particularty polypropylene, may be modified ¥wth a diene. preferably a non-c- 
75 ccKliene. and then irradiated to cause chain extension. We have found that when metallocene catalyzed diene modified 
propylene copolymer is exposed to irradiation such as E-beam irradiation, there is an increase in molecular weight and 
broadening of molecular weight distribution. This increase in molecular weight is the result of chain extension through 
the residual side-chain unsaturakion of the diene unit 

[0043] One would expect either degradation of the copolymer and/or crossiinMng ipon irradiation, however, we have 
20 found that when certain metallocene catalyzed diene modified propylene copolymers of the present invention are irra- 
diated, the resulting compositions are essentially gel-free as shown by their high solubility in refluxing xylene. 
[0044] The diene modified propylene copolymers which are subjected to irradiation may contain up to 20 nwie percent 
diene. preferably less than 15 moie percent most preferably less than 10 mole percent diene. The molecular weight dis- 
tribution will typically range from about 2.5 to about 10.0 depending on the amount of irradiation, amount of diene and 
25 type of diene. 

[0045] Preferably there is at least a 1 5% inaease in molecular weight upon irradiation, even more preferably at least 
a 20% increase, even more preferably at least a 50% or more increase in molecular weight upon irradiation. Likewise, 
there is preferably at least a 15% increase in the molecular weight distribution of the polymer, more preferably at least 
a 50% inaease. even more preferably at least a 100% inaease and even more preferably at least a 200% inaease in 
30 molecular weight distrubution upon irradiation of the diene modifted pdymer. 

Examples 

[0046] 1 .13-tetradecadiene (TDD). 1 .9<lecadiene. 1 .7-octadiene (CD) and norbornadiene were used to modify pro- 
35 pyiene in a series of polymerization reactions using different amounts of diene. Two different catalyst systems were 
used. In the first series of polymerizations, propylene was modified with I.IS-tetradecadiene. I.Mecadiene, 1.7-octa- 
dlene and nortx>rnadiene using the metallocene dimethysilytbis(indenyl)hafnium dmethyl ionically activated with (N, N- 
dimettiylarvlinium perfluorotetraphenyi t>oron). In the second series of polymerizations, propylene was modified with 
1.13 tetradecadiene and 1 .7-octadiene using the metallocene di-tetrahydropyrrolesilanediyi (bis-2-methylindenyl)zirco- 
40 nium dichloride [(C4H8N)2Si(2-methylindenyl)ZrCl2] activated with methytelunxwane. The physical properties of the 
diene modified polymers were characterized and are discussed below. 

[0047] Melt flow rate (MFR) and and molecular weight distrlxitlon (MWD) were measured using the cross-over mod- 
ulus and frequency devdoped by Zeichner and Patel (Proceedings 2nd Wbrid Congress of Chemical Engineering. Mon- 
treal. Quebec. Canada, Oct. 4-9 (1981). MFRs were also measured using ASTM D-1238 at 230'C and 2.16 kg load. 

45 The mechanical properties (modulus, tensile strength, elongation at break) were measured using ASTM D-1 708 miao- 
tensile testing procedure. The riiedogical properties (G*. G". an complex viscosity) were determined on a Rheometrics 
Dynanruc Spectrometer II. at 180^ using cone and plate configuration and compression moUed samples. 
[0048] Di-tetrahydropyrrolealanecfiyI (bis-2-methylindenyl)2irconium dichloride is prepared by the method disclosed 
In U. S. patent application serial number 08/1 12,491. filed August. 26.1993 (fully incorporated herein by reference). 

so [0049] Percent gel formation is determined by the Soxhiet extraction technique which generally is as follows. Approx- 
imately 0.5 gm of sample is placed in a dry cellulose microthintile. The thimble is stapled carefully so that the sanple 
does not escape during the extractkvt. The weight of the thimble loaded with the sample is recorded (x) and the thirrisle 
is placed in a soxlet extractor where it is immersed in hot xylene at near txxling temperature for 48 hours. The thirrtjle 
is then removed and dried thoroughly under vacuum until it reaches constant weight (y). The percent gel is equal to y/x 

55 • 100%. 
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Examples 1-15 

[0050] The poiymerizations were carried out as follows. A 1 -liter autoclave reactor was charged wvith 0,5 ml l molar 
triethyl aluminum (TEAL) as a scavenger, followed by 1 .13-tetradecadiene in 2 ml of toluene. 300 ml of toluene, and 150 

£ ml of propylene. The temperature of the reactor was equilibrated at the desired temperature and 3 mg of dimethylsilanyl 
bis(indenyl) hafnium di-nfiethyl and 5 mg of (N. N-dimethylanalynium perf lurotetraphenyl boron) dissolved together in 
toluene (1 ml) was injected into the reactor. The polymerization vvas allowed to run for 30 minutes then the reactor was 
vented to stop the reaction. The recovered solid polymer was precipitated into methanol, filtered and dried. The data 
and conditions for the polymerization runs are shown in Table 1 . The physical properties of the resulting diene modified 

10 polymers are shown in Table 2. 



Table 1 



25 



Example 


Propylene/Comono- 
mer (ml) 


Comonomer (mol0%) 


Temperature ft^) 


1 


150/- 


0 


40 


2 


150/0.05 


1.18E-2 


40 


3 


150/0.2 


4.7E-2 


40 


4 


150/0.4 


9.4E-2 


40 


5 


150A).5 


1.18E-1 


40 


6 


150/D.7 


1.64E-1 


40 










7 


150/- 


0 


60 


8 


150/0,2 


4.7E-2 


60 


9 


150/0.4 


9.4E-2 


60 


10 


150A).6 


1.41E-1 


60 


11 


150A).7 


1.64E-1 


60 


12 


150/0.9 


1.64E-1 


60* 










13 


150/0.48* 


1.41E-1 


40 


14 


150/0.39^ 


1.41E-1 


40 


15 


150/0.28^ 


1.41E-1 


40 



* Polymer was cross-linked. 



a - l.9<lecadiene 
b- 1.7-octadiene 
c - norbornadiene 



SO 



55 



BNSDOCID: <EP 094201 7A2.L> 



11 



EP0942 017 A2 



Table 2 



5 


Example 


Comonomer 
(mole%) 


MFR fdo/min) 




(psi/MPa 


lensiie 
Strength 
(psi/MPa) 


— — - ■ * — - ^ * 

Elongation at 
Break (%) 


















10 


1 


0 


1.76 


2.44 


66.020/455 


5.323/36 


747 


2 


1.18E-2 


1.25 


2.33 


65270/456 


5.565/38 


749 




3 


4.7E-2 


3.0 


274 


79.470/547 


6.699/46 


787 




4 


9.4E-2 


2.48 


2.93 


65760/453 


5.445/37 


755 


15 


5 


1.18E-1 


0.7 


4.4 


59.130/407 


5,480/37 


727 




6 


1-64E-1 


213 


17.0 


72,990/503 


6.116/42 


725 




7 


0 


8.47 


2.34 


63.430/437 


5,557/38 


779 


SO 


8 


4.7E-2 


3.94 


2.85 










9 


9.4E-2 


0.32 




64.430/444 


4,798 


654 




10 


1.41 E-1 


1.0 


6.42 










11 


1.64E-1 


2.86 


8.5 


66.120/455 


5.744/39 


768 


25 


13 


1.41 E-1 


0.91 


6.06 










14 


1.41 E-1 


1.85 


2.35 










15 


1.41 E-1 


2.01 


2.78 








SO 


16* 




2.1 




54.800/377 


6.272/43 


841 



* Escorane Polypropylene PO-9122 



Examples 17-23 

35 [0051] Polymerizations were can-ied out as follows. A 2-iiter autoclave reactor was charged with 0.5 ml of 1 molar tri- 
ethyl aluminum (TEAL), followed by the comonomer indicated in Table 3 in 1 ml of toluene, and 500 ml propylene. The 
temperature of the reactor was equiflbrated at 50»C and was charged with 0.0045 mmol/l of di-tetrahydropyrrolesilan- 
ecfiyl (bis-2-methylindenyl)ziroonium dichlorlde and 0.0129 mol/l of MAO. TTie polymerization was continued for 10 min. 
after which the reactor was vented to terminate the reaction. The copolymer recovered from the reactor was washed 

40 with methanol, filtered, and dried. The results are reported in Table 3. 



Table 3 



55 



Example 


Comonomer/Mole% 


















17 


OD/0 


150.1 


600.000 


2.0 


18 


OD/0.0079 


149.1 


670.000 


2.6 


19 


OD/0.015 


149.6 


780.000 


2.8 


20 


OD/0.032 


148.3 


760.000 


4.14 


21 


TDD/0.0047 


149.6 


930.000 


2.7 


22 


TDD/0.0094 


150.4 






23 


TDD/D.023 


149.6 
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CoiTidarative Examples 24-27 



ToSSSl^?? TTI""""^ "^"^ 1.13-tetradecadiene using the Zeigter Natta catalyst 

teneS^ aT^r/Sli . u °* P™Py*«"«- « solution containing 2 ml. of 1M triethylaluminum In he^ 



Table 4 



Example 


TDD (mis) 


MFR 


MWD 


24 


0.0. 


6.82 


4.69 


25 


0.1 


6.58 


5.06 


26 


0.2 


5.51 


4.82 


27 


0.3 


5.68 


4.80 



25 



30 



35 



40 



SO 



ss 



S»'?2Sl^6'!r^^21'^ ""^.''^ ""^c, t» the »«« moaned po^mers « 
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Exampjes 28:33 



[0061] Propylene was copolymerized wHh dicydopentadiene and the resulting copolymer was conpression molded 
into films which were then subjected to varying amounts of E-beam inadiation. The copolymer weight average molec- 

5 ular weight, molecular weight distrftxition and % gel were then determined. The results are reported in Table 5. 

10062] The polymerization procedure was as follows. A 1 L autoclave reactor was charged with 500ml. of propylene 
12.5 dicydopentadiene and 1.0 ml. of 30%MAO solution in toluene, Inaseperatevial. lOmgof dimethylsilanylbis(inde^ 
nyi) hafnium dimethyl was mixed with 4.0 ml of MAO in toluene (30%). The reactor tenperature was maintained at 60»C. 
The catalyst was charged into the reactor using a high pressure catalyst tube and polymerization was continued for 2 

10 hours. The recovered polymer was extracted with a large excess of acetone for at least 24 hours to eliminate non 
reacted dicydopentadiene. After extraction, the polymer was dried under vacuum at 60**C 

[0063] The polymer was then compression molded into films which were subjected to E-beam inadiation at the vari- 
ous levels indicated in Table 5. The irradiated films were characterized by the soxlet extraction technique described 
above to determine gel content. The results are reported in Table 5. 



Tables 



25 



Example 


E-Beam Dose OMrad) 




Mw/Mn 


%Gel 


28 


0 


50.700 


2.79 


4.6 


29 


1 


50,500 


3.03 


2.7 


31 


3 


56.730 


3.46 


1.0 


32 


5 


61.600 


3.94 


1.0 


33 


10 


85.290 


6.95 


1.4 



[0064] The foregoing description intended to eimplrfy preferred embodiments of the invention. The invention 
indudes other embodiments not necessarily within the scope of any express ©canrple or embodiment recited above, 
30 The invention, therefore, is limited only as set forth in the appended daims. 

aaims 



A diene modified isotactic propylene polymer having a Melt Flow rate of from 0.03 to 100 dg/min [page 16 line 2] 
and a Mw/fWIn of from 2.1 to 30 comprising propylene units, from about 0.00005 to about 5 mole percent of alpha- 
omega-diene units and wherein the polymer is essentially gel free as defined herein and is prepared using a met- 
allocene catalyst system. 



2. Pdlymer according to claim 1 wherein the diene is present at a concentration in the range of from 0.0005 to 0 5 
40 mde percent [page 15 line 24]. 

3- Pdlymer according to claim 1 or daim 2 wherein the diene is present at a concentration in the range of 0.005 to 0 1 5 
mole percent [page 15 line 26]. 

45 4, Pblymer according to any of daims 1 to 3 wherein the polymer has a viscosity that is higher at 0.1 raOfs as com- 
pared to a homopolymer that is not modified vwth diene when the homopolymer is othenwise prepared under the 
same concfitions. 



5. Polymer according to any of daims 1 to 4 wherein the diene is linear [page 4 line 24]. 

6. Polymer according to any of daims 1 to 5 wherein the diene is selected from the group consisting of 1 .7-octadiene. 
1.9-decadiene. 1.13 tetradecadiene. 1,8-nonacfiene. 1.10-undecadiene. l.lKlodecadiene. I.IS-hexadecadiene 
1 . 1 7-octadecadiene and nortximacfiene. 



55 7. FWymer according to daim 6 wherein the diene is selected from the groipcor«i^ 
decadiene and 1. 7-octadiene. 

8. Polymer according to any of claims 1 to 7 in which the pdymer is prepared using a metallocene catalyst system in 



14 
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. a solution process [page 15 line 65] 



5 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 
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